The Canal da Piracema is the longest (nearly 10 km) fish pass system in the world. The construction of this fish pass was somehow controversial, because it connected two distinct ichthyofaunistic provinces. This study evaluated the ichthyofauna present in the Canal da Piracema and the abundance and distribution of long-distance migratory fish species along this fish pass system (evaluated possible selectivity). The Canal da Piracema was shown to be difficult to sample because of its environmental heterogeneity: artificial ponds, ladders and nature-like fish pass. To solve this problem, we used several fishing gears, adequate for the several biotopes present (unstructured and structured littoral were sampled with seining nets and electrofishing; lentic were sampled with gillnets and longlines (deeper areas); and rapid water areas were sampled with cast nets). The ichthyofauna of the Canal da Piracema followed the pattern for South America and the Paraná River, with a predominance of Characiformes and Siluriformes. The most representative families were Characidae, Anostomidae, Pimelodidae and Loricariidae. We captured 116 species (17 were long-distance migratory) during the period studied. Small-sized species were predominant in unstructured and structured littoral areas, especially Bryconamericus exodon and Apareiodon affinis. The most abundant species was Hypostomus spp. in lentic areas, followed by Iheringichthys labrosus. Hoplias aff. malabaricus predominated in deeper lentic areas. Long-distance migratory species were abundant in rapid waters; they were Prochilodus lineatus and Leporinus elongatus. The sharp reduction in the number of species, including migratory ones, is an indication that the Canal da Piracema is selecting the species that ascend it. Therefore, the search for information on the efficiency of the various fish passes present in the Canal da Piracema is fundamental, to facilitate upward movements of fish. If this is reached, this polemic fish pass has the potential to contribute to the conservation of fish stocks in Itaipu Reservoir and upstream stretches, because of the presence of spawning and development (nurseries) areas for migratory species.
Introduction
Fish pass systems are structures that fish generally ascend by swimming or leaping, helping them to move freely when barriers are added to the natural environment, as in the case of reservoir dams. Over time, different kinds of fish pass systems have been developed, mainly ladders, elevators, locks, and bypass channels (Orsborn, 1987; Clay, 1995; Miranda, 2001; Larinier, 2002a) . These fish passes have a long history, beginning in Europe three hundred years ago (Clay, 1995) . There are approximately 13,000 fish passes in the world, and most of them are in Europe and North America (Martins, 2000) . These systems were developed for the ichthyofauna of temperate regions, but are also widely used in tropical regions (Agostinho et al., 2002) . The construction of fish pass systems in the South America began in the last century, and in Brazil the first fish ladder was constructed in the Pardo River in 1911.
The large migratory fishes of the Neotropical region can ascend ladders and other fish passes, and their efficiencies depend on their design and position in relation to the dam (Quirós, 1988) . Ladders are the main fish pass system constructed in Brazil. However, their construction has not generally taken into consideration the technical characteristics of the dam (type, slope, discharge and position in relation to the dam) and the nature of the ichthyofauna, and they are generally selective (Agostinho et al., 2002 . Among the other systems, fish elevators are present (at Engenheiro Sergio Motta Dam on the Paraná River; and at Funil on the Grande River), in addition to many locks. Nevertheless, the majority of the fish passes were never monitored in Brazil .
The Canal da Piracema is a fish pass system constructed at Itaipu Dam (completed in December, 2002) , linking the Paraná River to Itaipu Reservoir. It was the first lateral fish pass constructed in a large reservoir in South America. It is the longest in the world (Carosfeld, 2004) , and this system could allow long-distance migratory species to find suitable spawning and nursery areas in tributaries of Itaipu Reservoir and in the floodplain located upstream (Agostinho et al., 1993; Gomes & Agostinho, 1997) . Its construction was somehow controversial, because it made possible a connection between two distinct ichthyofaunistic provinces. These provinces were formerly separated by a natural barrier, the Sete Quedas waterfalls (Bonetto, 1986) , which were inundated when Itaipu Reservoir was completed; Itaipu Dam became the lower limit between the provinces (Agostinho & Júlio Jr., 1999) . This connection can potentially introduce species into the upper parts which may lead to ecological impacts (especially hybridizations and disappearance or extinction of some fish species). Thus, we conducted this study to evaluate the ichthyofauna in the Canal da Piracema. Specifically, the study was intended to i) characterize the ichthyofauna that uses this fish pass system and ii) evaluate the abundance and distribution of the species, especially long-distance migratory ones, along the Canal da Piracema, the main reason for its construction.
Material and Methods

Study area
The Canal da Piracema begins at Itaipu Reservoir and extends downstream to the Paraná River below the dam (Fig. 1) . The upstream entrance is located on the left bank, 6.6 km east of the spillway and 4.8 km from the closest turbine. At the Canal da Piracema entrance, mean depth of the reservoir is 3.5 m. The downstream entrance is located on the left bank of the Paraná River, 2.5 km below the dam. The mean discharge of the Canal da Piracema is 12 m 3 /s. It is 10 km long and includes 6.7 km of the Bela Vista River bed, as well as several fish ladders and artificial ponds (resting pools) (for a more detailed description, see Fiorini et al., 2006) .
The first section of the Canal da Piracema from downstream to upstream is a nature-like fish pass, the Bela Vista River (RIBE), which flows into the Paraná River. This stream was widened to 4 -6 m and deepened to 0.5 -2.0 m. The total length of this stretch is approximately 6.7 km, with a 4.0% mean slope. Rocks were removed to eliminate the higher waterfalls in parts of this river. The Bela Vista River enters the Paraná River at an approximately 60º angle from the downstream direction, which apparently may decrease the attractiveness of the Canal da Piracema. In this area, the Paraná River is about 720 m wide, which varies depending on discharge. The mean discharge of the Paraná River is approximately 10,000 m 3 /s, and the water velocity is 2.0 m/s at the surface. The Brasília Creek runs for 800 m to the Bela Vista River. This stream was widened to 5 m and deepened to 0.5 -1.0 m. Its banks have a 4:1 slope (vertical: horizontal). The slope of Brasília Creek is 4.0%, and this section is the shallowest and the most turbulent.
The next section is a ladder, herein named CABV, constructed of reinforced concrete, 5 m wide with a 6.25% slope, which extends for about 150.5 m. It is rectangular in crosssection, 5.0 m wide and 2.5 m high, and it is provided with concrete barriers spaced every 4 m to reduce the water velocity. The concrete barriers have a 1 m opening, alternately on the right and left side of each barrier.
The central elements of the Canal da Piracema are two artificial ponds, a small lake (herein named LAIN, area of 1.2 ha and depth of 4 m) and a large lake (herein name LAPR; area of 14 ha and depth of 5 m), which are resting pools for fish.
The banks are covered with soil, vegetation, and rocks of different sizes. The LAIN is drained by the fish ladder into the Brasília Creek, through a short section fitted with concrete deflectors. These two ponds are connected by a fish ladder (herein named CAIN), constructed of reinforced concrete and equipped with transverse barriers to control the water velocity. The ladder winds between the resting pools, and is 521 m long with a 1.5% slope.
The next section is a fish ladder (herein named CAAT) stretching 1.6 km. This ladder has a trapezoidal cross-section, constructed in landfill, with a maximum width of 12 m and banks with a slope of 2:3. The bottom and sides of this ladder are covered with riprap, as in the first part. This section has a mean slope of 3.1% in the first stretch, 2.0% in the middle, and 0.8% in the final stretch. This ladder in turn opens into the LAPR. Another artificial pond (herein named LAGR) with 0.5 ha in area and a mean depth of 3.0 m is located after this ladder. Sides and bottom are covered with irregularly shaped riprap; it was also constructed as a fish resting pool. A fish ladder, herein named CATR, is above this pond which extends for 2.4 km, with the first 0.73 km of the ladder excavated in a trench. This ladder is trapezoidal in cross-section, 8 m wide at the bottom, with a 2:3 slope of the embankment, excavated in alluvial basalt. Its bottom and sides are covered up to the water level with irregularly shaped riprap, as well as concrete deflectors, spaced to reduce the flow velocity. These deflectors are 0.6 m high, with lateral openings of 1.0 m, located on alternate sides in relation to the banks. The slope is 5.0% on average in the beginning stretch, 0.7% in the middle, and 5.0% in the final stretch.
The last section is the area of water intake, herein named DIRE. This area is formed by concrete water-intake structures and the stabilization pond. The water intake and the stabilization pond have a mean depth of 3.3 m and an area of 0.4 ha. The DIRE is composed of three floodgates, 2.0 m in height, that maintain the maximum level of the stabilization pond 0.45 m below the surface level of Itaipu Reservoir, to limit the velocities in the intake sluices to less than 3.0 m/s along the Canal.
Data collection
The Canal da Piracema was evaluated from April, 2004 through May, 2005. Samplings were conducted monthly, except in June and July, and because the heterogeneity of biotopes in this fish pass system (resting pools, ladders, and nature-like fish pass), it was expected that different species would inhabit these locations. Therefore, to identify the species that use the Canal da Piracema, several fishing gears were employed in 11 stations (Table 1) . Bela Vista River Mouth 0.5 GI and LL (16:00-8:00); SN (7:00 e 19:00); CN (10:00-12:00, 14:00-16:00); EL (17:00-18:00) Along the Bela Vista River and Brasília Creek (RIBE) 0.6 -6.6 CN (10:00-12:00, 14:00-16:00) Bela Vista River Mouth Drainage Canal (CABV) 6.7 CN (10:00-12:00, 14:00-16:00) LAIN (fish resting pool) 7.0 GI (16:00-8:00), SN (7:00 e 19:00); FP (10:00-11:00, 14:00-15:00) CAIN (fish ladder) 7.4 CN (10:00-12:00, 14:00-16:00)
LAPR (fish resting pool) 7.7 GI (16:00-8:00); SN (7:00 e 19:00); FP (10:00-11:00, 14:00-15:00); LL (16:00-8:00); EL (17:00-18:00) CAAT (fish ladder) 8.6 CN (10:00-12:00, 14:00-16:00) LAGR (fish resting pool) 9.4 GI (16:00-8:00); FP (10:00-11:00, 14:00-15:00) CATR (fish ladder) 9.7 CN (10:00-12:00, 14:00-16:00) DIRE (water intake) 10.1 FP (10:00-11:00, 14:00-15:00); EL (17:00-18:00) Itaipu Reservoir 10.3 GI and LL (16:00-8:00); SN (7:00 e 19:00) Table 1 . Location of the sampling stations along the Canal da Piracema, distance from the Paraná River (km), and the fishing gear used (GI: gillnets and trammel nets; LL: longlines; SN: seining nets; CN: cast nets, FP: fishing pole; and EL: electrofishing). Numbers in parentheses are the times of day at which the different gear was used.
The gillnets (mesh sizes 2. 4, 3, 4, 5, 6, 7, 8, 10, 12, 14, 16 , and trammel nets with meshes of 6, 7, and 8 cm between opposite knots) were set out in late afternoon (16:00 h), and inspected every 4 h, until 8:00 h in the morning of the following day (effort of 16 h). Longlines were 150 m long, with 30 hooks baited with live bait (Gymnotus spp.) and operated as with the gillnets. Cast nets (mesh sizes 6, 7, 8, 10, 12, and 14 cm between opposite knots) were operated in a standardized manner (5 throws each), in the morning (10:00 to 12:00 h) and afternoon (14:00 to 16:00 h). Fishing rods (with artificial bait) were also operated for one hour, in the morning (10:00 to 11:00 h) and afternoon (14:00 to 15:00 h). Seining nets were also operated at dawn (7:00 h) and at dusk (19:00 h). Finally, electrofishing (2500 W generator, 1000 V output, 60 Hz DC) was operated in the afternoon, for 15 minutes (between 17:00 and 18:00 h).
Data analysis
Voucher specimens are housed in the Nupélia fish collection. The collected fish were identified to the species level according to Britski et al. (1999) and Graça & Pavanelli (2007) . Their total and standard lengths were measured (except for those caught by electrofishing, which were only recorded as present in the samples). For analysis, the 11 stations sampled were grouped considering a fish ladder and a resting pool, except for the nature-like fish pass (RIBE), into five segments: I: RIBE; II: CABV and LAIN; III: CAIN and LAPR; IV: CAAT and LAGR; V: CATR and DIRE; and, last, Itaipu Reservoir.
In order to explore the diverse biotopes of the Canal da Piracema, which limit the use of the different gear types in a standardized manner at each station, the samples obtained with each type of gear were described. The biotopes sampled were: i) unstructured littoral (sampled with seining nets); ii) structured littoral (by electrofishing); iii) lentic waters (with gillnets and longlines, the latter in deeper areas); and iv) rapid waters (with cast nets). The catch data per sample (controlled for type of gear) were expressed in a presence/absence matrix. Patterns of fish composition in the samples were evaluated using a correspondence analysis (CA; Gauch, 1982) , which is less influenced by zeros (Olden et al., 2001) . The axes with eigenvalues higher than 0.20 were retained for interpretation, as recommended by Matthews (1998) . The scores of the CA were tested by one-way analysis of variance (ANOVA) considering biotopes as the factor and a Tukey's test was applied when significant differences were detected between averages (level of significance of P < 0.05). The ANOVA assumptions were tested by Shapiro-Wilk (normality) and Levene (homoschedasticity) tests.
The number of individuals caught per biotope, for the principal species and for all species grouped by reproductive strategy, was analyzed graphically. The reproductive strategies considered were: long-distance migratory species (LDMI), sedentary with no parental care (SNPC), sedentary with parental care (SPC), sedentary with internal fertilization and external development (SIFE), sedentary with internal fertilization and internal development (SIFI), and unknown (UNK) (Vazzoler, 1996; Agostinho et al., 2003; Suzuki et al., 2004) .
To evaluate the distribution of species along the Canal da Piracema, the data were analyzed separately for each segment, considering the total number of species caught in each of them, as well as the number of exclusive species. The number of species caught in segments I, III, and Reservoir, where gillnets, seining nets and longlines were operated in a standardized way, was compared to remove the effect of the different types of fishing gear used. Finally, because the principal objective of the study was to determine the movements of migratory species, their occurrence along this fish pass system was analyzed in more detail. Thus, a reduction in the number of species ascending the Canal da Piracema would be an indication of selectivity, i.e., some species are not succeeding in passing through parts of the system.
Results
The ichthyofauna of the Canal da Piracema
The ichthyofauna along the Canal da Piracema was composed of 116 species, from 25 families, 9 orders and 2 classes. The species list and their taxonomic position, based on Reis et al. (2003) , are presented in Appendix 1. The predominant orders were Characiformes (57 species) and Siluriformes (30 species). Characidae and Anostomidae were the most important families, with 30 and 14 species, respectively (Fig. 2) . Of the total number of species, 17 were long-distance migratory (LDMI), 68 were sedentary with no parental care (SNPC), 22 were sedentary with parental care (SPC), 2 were sedentary with internal fertilization and external development (SIFE), 4 were sedentary with internal fertilization and internal development (SIFI), and 3 were considered unknown (UNK).
During the collection period, 21,987 individuals were caught. The most frequent species in the catch was B. exodon with 8,116 individuals, followed by A. affinis with 6,447 individuals. The largest part (80.1%) of the captured individuals belonged to the SNPC reproductive strategy (sedentary without parental care), followed by SPC (sedentary with parental care) with 15.2%. Migratory species contributed 3.8% of the number of caught individuals, and the most abundant species were P. lineatus and L. elongatus.
The different types of gear used made it possible to sample the highly diverse ichthyofauna inhabiting the biotopes along the Canal da Piracema. The array of biotopes apparently makes it possible for many species to move along this fish pass, as well as for other species to reproduce and develop.
The correspondence analysis (CA), applied to determine whether the different biotopes support different ichthyofaunas, yielded the first two axes with eigenvalues greater than 0.20, which were therefore retained for interpretation. The resulting ordination (Fig. 3a) was difficult to interpret. On Axis 1, the concentration of samples obtained in rapid waters (cast nets in Fig. 3a) was evident, but located to the right, showing that they were more similar. On the same axis, the remaining samples were dispersed, demonstrating the importance of using several types of gears to complete surveys. For Axis 2, it was more evident that samples obtained in lentic areas (gillnets in Fig. 3a ) positioned higher in the ordination.
These patterns became more evident when the axes were analyzed separately, controlling for biotope. Thus, for Axis 1, ANOVA showed significance (F = 8.46; P < 0.001) and Tukey's test showed that the rapid waters (sampled with cast nets) contained a more differentiated ichthyofauna (Tukey; P < 0.05; Fig. 3b ). For Axis 2, ANOVA also showed significance (F = 5.62; P = 0.001), with the ichthyofaunas of the lentic Fig. 3 . Ordination (correspondence analysis -CA; Axis 1 -CA1; Axis 2 -CA2) of the samples taken with seining nets, electrofishing, gillnets, and cast nets, at different stations located in the Canal da Piracema (a). Representation of the mean scores by fishing gears in axis 1 (b) and axis 2 (c).
waters (sampled with gillnets) and rapid waters (sampled with cast nets) being similar, and both of them differing again from the fauna in the littoral area (unstructured and structured, sampled with seining nets and electrofishing, respectively) (Tukey's test; P < 0.05; Fig. 3c ). The assumptions of normality (Shapiro-Wilk; P > 0.05) and homoscedasticity (Levene; P > 0.05) were met.
Therefore, on Axis 1, the ichthyofauna that inhabited rapid waters was differentiated from the others by the large number of migratory species, especially L. elongatus and P. lineatus. On Axis 2, the littoral biotopes showed greater similarity, as a result of the occurrence of small-sized species such as B. exodon and S. pappaterra.
The differences in the number of individuals caught were more apparent, but because of the different selectivity of the various fishing gears, the data are not comparable. The catches were limited to small-sized species in the structured littoral areas, with a total of 16,689 individuals, the most important being B. exodon and A. affinis, with 8,115 and 6,264 individuals, respectively. The great majority (90.8%) belonged to the reproductive category SNPC (Fig. 4a) . Long-distance migratory species were not caught in these biotopes.
A total of 2,870 individuals were caught in lentic areas. Hypostomus spp. (497 individuals), followed by I. labrosus (239 individuals) predominated in this biotope. The reproductive strategies for the majority of individuals caught were SNPC (48.1%), followed by SPC with 41.1% (Fig. 4b) . Longdistance migratory species (LDMI) contributed only 5.5% of the total.
The species most often caught was H. aff. malabaricus in deep lentic areas, sampled with the use of longlines, with 30 individuals. However, in regard to reproductive strategy, longdistance migratory were prominent (LDMI), comprising 53.8% of the total, followed by SPC with 33.3%. The total of individuals caught in this biotope was 108 (Fig. 4c) .
We especially caught long-distance migratory species (LDMI) in rapid water areas (745 individuals), which represented 58.5% of the total, followed by SNPC species with 37.0%. The main long-distance migratory species caught were P. lineatus and L. elongatus, with 211 and 162 individuals, respectively (Fig. 4d) .
The possibility that the Canal da Piracema might have a selective effect on the fish species was evaluated by their presence along this fish pass system. The total number of species caught in each segment was highly variable. More species were caught in Segments I, III, and Reservoir, with 89, 69 and 49 species, respectively. The segments with fewer species were, in decreasing order, II, IV, and V, with 47, 41, and 33 species, respectively. The higher number of species in Segment I indicates that many species did not succeed in reaching the upper parts of the Canal da Piracema.
This was easily perceived when we analyzed the number of species exclusive to each segment. The highest number was recorded for Segment I (24 species), followed by Segment II (6). Segments II, IV, and V had 2, 3 and 2 exclusive species, respectively. In Itaipu Reservoir near the entrance to the Canal da Piracema, no exclusive species were recorded.
To remove the effect of the gear used, species richness was evaluated for Segments I (beginning of the fish pass system) and III (middle) and Reservoir (end of the fish pass system), where the same gear types were used, and in a standardized way (Fig. 5) . The same decrease in species upward the Canal da Piracema was observed, with a reduction from 51 (Segment I) to 42 (Reservoir) species, caught with gillnets; and from 13 (Segment I) to 4 (Reservoir), caught with longlines. The number of species caught with seining nets was similar in all three segments. Table 2 . Distribution of the long distance migratory species along the Canal da Piracema, by segment and distance (km) from the Paraná River.
Fig. 5.
Number of species sampled with the same fishing gear in the segments I, III, and Reservoir.
Paraná River Itaipu Reservoir
Considering that the fish pass system must preferentially provide the upward movement of migratory species, the distribution of migrators sampled with the different types of gear is presented from downstream to upstream direction in Table  2 . Note that the highest number of migratory species (16) was recorded in Segment I, and decreased in the upper segments. Apparently, the species that ascend the Canal da Piracema with no great difficulty were L. elongatus, L. obtusidens, P. lineatus, and S. brasiliensis, all considered excellent swimmers. This suggests that this fish pass system may be having a selective effect on several migratory species. The records of some species in the higher segments may be a result of downward movement.
Discussion
The Canal da Piracema was difficult to sample because its great environmental heterogeneity, including resting pools, ladders, and nature-like fish pass. This characteristic required the use of different fishing gear, appropriate for the different biotopes, which made it difficult to define a sampling protocol. Thus, studies in the Canal da Piracema will have to be conducted, without exception, with an array of different fishing gears, which will make it difficult to compare the ichthyofauna present along its length. This was a considerable problem in this study, which led us to present the results according to the biotope sampled.
In general, the ichthyofauna present in the Canal da Piracema followed the pattern for South America and the Paraná River, with a strong predominance of Characiformes and Siluriformes, where Characidae, Anostomidae, Pimelodidae, and Loricariidae were the most important families (LoweMcConnel, 1987; Agostinho & Júlio Jr., 1999) . Beloniformes was recorded only in Segment I of the Canal da Piracema, indicating the presence of species that belong to the other ichthyofaunistic province (Ringuelet et al., 1967; Bonetto, 1986) . Typical species of this region are: Abramites hypesolonotus, Cynopotamus kincaidi, Hemiodus orthonops ( already recorded in Segment II), Lycengraulis grossidens, Pachyurus bonariensis, Potamorhina squamoralevis, Pseudoplatystoma fasciatum and Schizodon platae.
The majority of the abundant species are small-sized, with a strong predominance of Tetragonopterinae, as observed in other environments of the basin (Canzi et al., 1998; Agostinho & Júlio Jr., 1999; Agostinho et al., 2004; Fernandez et al., 2007) . The species most caught was Bryconamericus exodon. The proportions of species and individuals according to reproductive strategy were also similar to those of other regions of the Upper Paraná River (Agostinho et al., 2004; Suzuki et al., 2004; Gaspar da Luz et al., 2004) . The great majority of the long-distance migratory species (Agostinho et al., 2003; Suzuki et al., 2004) were also caught, at least in Segment I.
The Bela Vista River, which shows the characteristics of a natural canal, with gentle slopes, may have contributed to the high diversity, which was possibly a result of the variety of existing habitats. In addition, the occurrence of several species below Itaipu Dam, which apparently are not succeeding in ascending, certainly contributed to the higher species richness in Segment I. Thus, the variety of biotopes along the Canal da Piracema appears to create conditions for the reproduction and development of many fish species of the Paraná River, which can live in this fish pass, and to promote the movement of the migratory species.
The requirements for movements between different aquatic environments vary among the species, including the freshwater migratory ones. In cases where dams and other structures that can obstruct a river stretch have been constructed, these obstructions have been responsible for the decline of migratory species abundance (Agostinho et al., 2005) , including the disappearance of entire stocks (salmon in the Rhine, Seine, and Garonne rivers, among others, in France) (Porcher & Travade, 2002) . It is necessary to maintain free passage through all of the obstructions existing in a hydrographic basin. However, the existence of different environments required for the main stages of the life cycle (i.e., reproduction, growth and feeding) of migratory species in the upper stretches must also be considered (Agostinho et al., 2003) .
Fish pass systems are constructed to reestablish connectivity among critical habitats for migratory species. Naturelike fish passes are a recent type of fish pass and are characterized by a relatively simple ("soft") engineering, which attempts to simulate a flow regime similar to that of natural creeks and streams (Jungwirth, 1996; Parasiewicz et al., 1998) . These fish passes have many advantages over traditional fish pass systems, because their generally heterogeneous structure offers several velocities and depths for a great variety of species and fish sizes. In addition, they provide habitats for them to live in (Lucas & Baras, 2001; Aarestrup et al., 2003) , as is the case of the Canal da Piracema (specifically the Bela Vista River).
Two aspects have been considered crucial to determine the success of the passage of fish through a fish pass system in particular, which can be extended to canals: first, whether a fish can find the entrance to the system; and second, whether the fish will pass through the entire system. Thus, the attraction efficiency (not evaluated in the present study) must be quantified, and then the passage efficiency, which together will define the efficacy of a fish pass system as a whole (Aarestrup et al., 2003) . The abrupt reduction in the fish species abundance from downstream to upstream, even for migratory species, indicates that the Canal da Piracema is acting selectively. Apparently, the greatest obstacles are the stretches of the Bela Vista River and the following fish ladder (CABV), which links the resting pool (LAIN) to the Bela Vista River, because of its hydrodynamic characteristics, such as water velocity, shallow rock-free areas, and high turbulence. Selectivity can also occur in other fish pass systems, as is the case for the fish ladder installed at the dam of Salto Morais Reservoir, on the Tijuco River (Godinho et al., 1991) .
Thus, to quantify the efficacy of a fish pass system, the water velocity and the flow model must be compatible with the swimming capacity of the species of interest, allowing passage of all fish, and not only the best swimmers (Larinier, 2002b) . The diverse hydrological characteristics along the Canal da Piracema, such as steep slopes, high water velocities, and waterfalls, among others, may prevent the passage of fish. These aspects must be evaluated to provide information that allows the engineering sector to adjust the hydraulic aspects to facilitate fish displacements. However, it will be elemental to assess the genetic addition, spawning and recruitment upstream from Itaipu Dam, including the reservoir, floodplain and tributaries of Paraná River, taking into consideration that this fish pass system was built in the context of fishery stock conservation and maintenance of migratory fish populations. Nevertheless, a considerable problem is the possibility of mixing two distinct ichthyofaunistic provinces, previously separated by a natural barrier, the Sete Quedas waterfalls, and by Itaipu Dam after its construction. It is known that at least one of these downstream species (H. orthonops) already moved upstream, and others were already recorded downstream (Cichla spp. introduced in the basin; Leporinus octofasciatus, endemic to the upper Paraná River). Thus, the continued monitoring of the Canal da Piracema is required to evaluate possible introductions (upstream and downstream) and the impacts for the ichthyofauna caused by the connection represented by this fish pass system.
